
Presented at the 32ISt meeting of the American
Institute of Electrical Engineers, Washington,
D. C., April 26, I9I6.

Copyright 1916. By A. I. E. E.

ELECTROCHEMICAL INDUSTRIES AND THEIR INTEREST
IN THE DEVELOPMENT OF WATER POWERS

BY LAWRENCE ADDICKS

ABSTRACT OF PAPER
The electrochemical industries have grown to be of great

value to this countrv; they have a fundamental interest in
the development of cheap power; they offer nearly ideal power
loads of magnitude; they must be located strategically as regards
supplies and markets; Niagara power is not cheap enough nor
is it sufficient in its present state of development to afford
growth to these industries; the industries have so far been
hardly strong enough to develop large powers themselves; great
expansion should follow the development of cheaper power in
accessible locations; and the country is vitally interested in
the development of the nitrate industry, which must have very
cheap power in great quantity in order to exist. In view of
all these considerations, a liberal water power policy on the
part of the government would seem to be a step in the right
direction.

THE INDUSTRIAL processes founded upon electrochemistry
have a part in the manufacture of a very wide range of

commercial products. By definition they all require electric
power in greater or less quantity and in many instances power
is a large item in the cost sheet. The power requirements vary
enormously, however, in different cases, and many other consid-
erations enter into the determination whether a given industry
can flourish in a given location. It is the purpose of this paper
to point out briefly the interrelation of some of these factors and
the interest the industries have in the development of cheap power.
The electric current may be used for its chemical effect, giving

oxidation products at the anode and reduction products at the
cathode in an electrolytic cell; or it may be used for its heat
effect in an electric furnace, where high temperatures and a con-
trolled atmosphere are desirable; or both effects may be utilized,
as in the electrolysis of fused salts. Finally, we have the effects
of electric discharges through gases.

It is not generally appreciated to what extent electrochemical
processes have entered into some phase, at least, of nearly every
branch of our industrial life. A small beginning in electro-
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plating two generations ago has developed until the great ma-
jority of the copper output of the world is electrolytically refined;
silver is thus parted from gold, and gold from the platinummetals,
bismuth-bearing lead can be successfully treated, electrolytic
nickel is well known, and zinc and tin so refined are appearing
in the market. In general, electrolytic refining not only increases
the purity of the metal but makes possible the recovery of the
impurities as byproducts, thus greatly cheapening the cost of
some of the less common elements.
The electrolysis of common salt is the basis of the electrolytic

alkali industry, the products of which are caustic soda, the start-
ing point for various chemical industries, and used in very large
quantities in soap making, mercerizing cotton, etc.; metallic
sodium, also used as a foundation for other products, such as the
cyanide so largely used in the metallurgy of silver and gold;
chlorates, used in the manufacture of matches, certain explosives,
etc.; hypochlorites, of value for bleaching; chlorine, employed
as a sterilizing and chloridizing agent and for the formation of
bleach.
The electric furnace has created a host of new industries.

Very briefly, the chief products consist of abrasives, such as
carborundum, alundum, aloxite, etc.; graphite; silicon; ferro-
alloys, such as ferro-silicon, -manganese, -chrome, -tungsten,
-vanadium and others, which are used in the steel industry for
producing sound ingots, hardening, making special steels, high-
speed tool steel, armor plate, etc.; refined steel of crucible grade;
phosphorus by distillation; calcium carbide, used in the genera-
tion of acetylene and in the manufacture of cyanimid; and so on.
It is also being tried out experimentally as a competitor of the
combustion furnace in the metallurgy of many metals. Used as
an electrolytic furnace, we have the very important application
to the production of aluminum.
The industrial use of electric discharges through gases is still

in its infancy, but we have ozone and nitric acid among the
products, the former used for sterilization and the latter as a
base for fertilizers and explosives.

This brief review of electrochemical products is by no means
exhaustive. If it were followed to a logical conclusion and a list
made of all the uses of all the products it would be a formidable
affair, but I think enough has been said to establish the first
point that I wished to make, namely, that electrochemistry
today plays a large part in our industrial life and that its in-
dustries are more important than the public at large realizes.
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Now every one of these industries consumes large quantities
of energy. Starting at the bottom, we have the refining of lead
at 120 kw-hr. per ton, and of copper at 300 kw-hr. per ton.
Where diaphragms are used, as in nickel refining, the power
rises to about 3000 kw-hr. per ton. Where insoluble anodes are
used for the recovery of a metal from solution, the power will
range from 700 to 4000 kw-hr. per ton, depending upon the metal,
the amount of depolarization at the anode, and of course the
current density.
Turning now to electric furnaces, an ordinary melting opera-

tion, such as casting an alloy or refining steel, generally requires
from 600 to 1000 kw-hr. per ton. In the production of ferro-
alloys, which is really a smelting operation, a large amount of
energy is consumed by the endothermic reaction, and the power
used runs from 3000 to 8000 kw-hr. per ton of product, depending
upon the grade of alloy made. The aluminum furnace requires
25,000 kw-hr. per ton of product. The electrolytic refining,
alkali and aluminum industries require direct current; the graph-
ite, carborundum, melting and ferro-alloy furnaces use alter-
nating current. In general low voltage and high amperage is
employed. In the case of alternating current this is readily
obtained by the use of suitable transforming units; in the direct-
current processes it is customary to connect a sufficient number
of cells or furnaces together to obtain a reasonable line voltage.
Individual industries in plants of modern commercial size require
blocks of energy ranging from 5000 to 50,000 kw., and it is
self-evident that the charge for energy in such quantities is a
vital item in the cost sheet. And this brings us to the question
of what is cheap power.
Twenty years ago Niagara power was cheap, but in* the mean-

time steam power has made such strides that Niagara and similar
water power developments can no longer be considered the
exclusive sources of electrolytic power. In so speaking I am of
course not considering the very low rates which were made on
a few contracts in the early days at Niagara, but of
the present rate of about 0.3 cent per kw-hr. ($20 a horse
power-year). With the very high economy of the large turbo-
alternator it is quite possible tv meet this figure by locating a
plant near some of the coal fields. It is therefore idle to discuss
any new source of power higher in cost than Niagara.

It is often suggested that electrolytic plants could be operated
to advantage on off-peak power. This is seldom practical. In
the first" place, to shut the power off for several hours in many
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cases creates very undesirable chemical conditions.; then, in
most electric furnace processes there is a loss of heat while stand-
ing which calls for the expenditure of excess energy upon starting
up; and finally, there is the loss of production due to several
hours' idleness to be reckoned with, and in this connection it
must be remembered that electrolytic plants generally call for
heavy investments, the fixed charges on which need every pos-
sible ton to divide by. After these handicaps are properly
allowedfor, it is only in exceptional cases that a mutually satis-
factory contract can be made.
And then we have the power contract to deal with. The

owner of the water power generally requires that a fixed mini-
mum annual sum shall be paid regardless of consumption. This
is naturally a little hard on periods of low output. On the other
hand, excess power is apt to be either subject to prior sale or
charged at an excess rate, so that the manufacturer has to
balance his output on the tip of his nose, so to speak, if he is
going to realize the advertised rate per kilowatt-hour.

Next, we have the difficulty that the power is invariably sold
as high-tension alternatiTng current, which imposes various
conduction and conversion losses on the purchaser which may
easily absorb 15 per cent of the incoming power. The trans-
formers and other apparatus represent a considerable invest-
ment, shattering another illusion-that the " other fellow
had to put up all the money. Then in some contracts we mustn't
unbalance the phases or let the power factor run off.
By the time all these allowances are made, the power originally

spoken of as 0.3 cent per kw-hr. is nearer 0.4 cent, plus a con-
siderable investment, a figure which begins to approach the cost
of steam power in the vicinity of New York City, using buck-
wheat coal; and, as before stated, Niagara Falls is no longer
bargain power. This statement leads to a number of questions
about as follows:

(1) If cost of power is the great consideration, and Niagara
Falls has no longer the cheapest power, why do all the electro-
chemical industries remain grouped there?

(2) If electrochemical industries have been able to thrive on
present power costs, is not the cry for cheaper power merely one
for additional profits?

(3) We have in this country a variety of fuel supplies: why
are not great central stations established in some of these fields
if the resulting power would cost less than water power?

In endeavoring to answer some of these questions, I hope to
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bring out the main factors which have to be considered in es-
tablishing an electrochemical industry.
As to the first question, the cost of power, while important,

is by no means the whole, and often not even the controlling,
factor and Niagara, while an electrochemical center, is not the
sole residence of such industries. There are three main factors
to be considered in locating such an industry; transportation,
labor and power; and in reality power may be placed under
the transportation heading, leaving but two. In any industry,
raw materials must be carried to the manufactory and the
finished products to their markets. As fuel can be carried and
electric current can be transmitted, it is evident that the in-
creased cost of power due to such movements is simply a freight
item. The moment this is realized the problem does not differ
from that presented by any other manufacturing operation.
Where raw materials are bulky and the product and power used
are not, the work will be carried on near the source of the raw
material, as in the case of a plant for reducing copper from its
ores. Where power or fuel is bulky it may become the con-
trolling factor. In zinc metallurgy, for example, the ores are
rich and it takes three tons of coal to smelt one ton of zinc.
Zinc smelters are therefore located in the fuel belts. An electro-
chemical instance is aluminum. Here the ore is carried great
distances in order to avoid the transmission of 25,000 kw-hr.
per ton of aluminum produced. Then again, the process may
not greatly change the bulk of the raw materials, as in refining
operations, but transportation- still governs. In electrolytic
copper refining the plants are, with a single exception, at tide
water. Here the Western smelters bring the product up to 98
per cent copper. There is but little. dead weight in transporting
this crude copper, and the silver and gold contents if separated
at the smelter would have to travel by express. Also labor and
power are cheaper at tide water where the market is, than in
the Rocky Mountains where the smelters are. The one excep-
tion at Great Falls, Montana, is where an exceptionally cheap
water power exists at the smelter, precious metal contents are
low, and there is the possibility of considering Western markets
and movements via the Panama canal. Finally, labor is a large
item. If we assume that a man earns $3.00 a day and that
power costs 0.3 cent a kw-hr., the two are of equal importance
when an industry uses, on a 24-hour day, 42 kw. per employee.
By no means all the electrochemical industries use such a pro-
portionate amount of power. I think enough has been said to
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show that an appreciation of geographical values is of the utmost
importance and that power is of purely relative value.
If we examine the industries grouped around Niagara Falls,
we shall find that practically all of them have been created in the
last 25 years; that many of them use as raw materials such things
as carbon, salt, silica, etc., which are obtainable within a rea-
sonable distance; and that they are chiefly those electric furnace
operations which rate among the larger power consumers in the
electrochemical list. Now, the investment called for in electro-
chemical plants is generally high, and it can be readily understood
that it is a very welcome lessening of obligation in starting a new
industry to be able to cut out the money which would be tied
up in a private power plant. Also, really low costs on steam
power can not be obtained until a load of about 15,000 kw. is
built up. Then, Niagara Falls is in a strong location as far as
transportation facilities are concerned. Water transportation
through the Great Lakes is at hand and Buffalo is a railroad
center. The labor market is also good.
As to the second question, whether 0.3 cent per kw-hr. is not

low enough to allow any electrochemical industry to thrive, it is
simply a matter of competition. Useful as electrochemical
products have proved, they are not necessary to sustain life;
we got along, after a fashion, a quarter of a century ago before
most of them were heard of. We must remember, however,
that every one of these products has had to win its way against
competition. Graphite and the abrasives have had to compete
with natural graphite and emery; aluminum had wood and
copper to displace; the alkali products can be produced chemic-
ally; the ferro-alloys can be made in blast furnaces; electrolytic
refining had fire methods to compete with; electric steel refining
replaced the crucible method; and so on. It is quite con-
ceivable that power costs should be so high that the older pro-
cesses in some cases might revive. On the other hand, electro-
chemical processes are in their infancy and a decrease in the
cost of power is bound to stimulate new lines of production. It
is quite within the range of possibility that many of the com-
bustion furnaces now used in metallurgy can be some day replaced
by one or another type of electric furnace. Hydrometallurgy,
which is closely linked with electrodeposition, has also a large
field before it. The question of electrical action on gases is a
most promising possibility for development. Take the fixation
of atmospheric nitrogen, one of the largest technical problems
which this nation has to face today. We import large quantities
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of Chilean nitrate every year. Our only local sources are de-
composing organic matter and a small quantity of byproduct
ammonia salts. Nitrogen is a necessary constituent of fertilizer
and is the base of all explosives. The military recklessness of
being forced to depend upon imported material for the manu-
facture of ammunition in these troublous times has recently
brought this question very much to the front. There are several
methods of fixing the nitrogen of the atmosphere in use abroad.
Two of these processes, the oxidation of nitrogen in the electric
arc and the conversion of calcium carbide into cyanimid, are
suitable for commercial development in this country, and in fact
there is already a large plant devoted to the cyanimid industry
at Niagara Falls, Canada. The arc process requires large quan-
tities of electric power; several hundred-thousand horse power are
so used in Norway. The cyanimid process, while chemical,
requires calcium carbide, an electric furnace product, as its raw
material. As matters stand today it may be necessary for the
government to subsidize this industry to guarantee its required
supply of explosives in time of war. If we had 500,000 h.p.
available at say 0.15 cent a kw-hr., (a common figure in Scandi-
navia) this great industry would develop at once on a peace
basis on account of the fertilizer demands.
As to the third question, our electrochemical industries are

either buying from some water power company or they are
generating power themselves from steam. The water power
company naturally sells its output for all that it will bring, with
a weather eye on the local cost of steam, and very few industries
are large enough to save this profit by operating their own
hydraulic plants. Unfortunately most of our high-head water
powers, which are capable of development on a small scale and
with moderate investment, are on the Pacific coast where mar-
kets do not yet exist for many electrochemical products. Most
of the latter are of such a nature that they serve only as raw
material in manufacturing operations conducted chiefly on the
Atlantic seaboard. The time may come when various electro-
chemical industries will associate in a cooperative power develop-
ment. In this case the eastern coal fields will be carefully con-
sidered, especially as many of the processes require large quan-
tities of coal for operations entirely apart from electrochemistry,
such as evaporating or heating liquors, reverberatory smelting,
etc. Near a sufficient and suitable supply of water for boiler
feed and condensing, and close to the coal mines, a mammoth
steam plant could certainly give a lower power cost than now
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obtainable at Niagara. Perhaps the chief objection to such a
scheme would be the present unsatisfactory labor situation in
the coal fields.
Then we have the various propositions depending on the use of

gas. Natural gas is fast disappearing and can no longer be con-
sidered for such a plan. The beehive coke oven, which used to
be held up as a glaring example of heat waste, is also rapidly
giving place to various retort types. The use of producers
supplying gas engines begins to lose its attractiveness as the cost
of fuel decreases, and placing the steam plant near the colliery
deals a heavy blow to this scheme, which offers low fuel con-
sumption as an offset to great first cost and lack of overload capac-
ity. The byproduct coke oven is more attractive, but so far
it has been linked up with either the iron and steel industry or
the production of illuminating gas, and it is not very desirable
to be tied up with another industry and run the danger of being
subject to the ups and downs of industrial prosperity in an un-
related field. Then we have our peat deposits, which somehow
never seem to receive really serious consideration.

If we knew that there was no hope of getting lower water
power costs, I believe some great central power plant would
eventually be established. The two stumbling blocks at present
in the water power question are government control and the
great cost of developing low-head powers. One possible way of
meeting the latter difficulty is to consider the value of the develop-
ment from other points of view, such as irrigation, navigation
or flood prevention. All the power plant wants is the potential
energy in the water.
Summing up, the electrochemical industries have grown to

be of great value to this country; they have a fundamental in-
terest in the development of cheap power; they offer nearly
ideal power loads of magnitude; they must be located strategic-
ally as regards supplies and markets; Niagara power is not
cheap enough nor is it sufficient in its present state of develop-
ment to afford growth to these industries; the industries have so
far been hardly strong enough to develop large powers them-
selves; great expansion should follow the development of cheaper
power in accessible locations; and the country is vitally interested
in the development of the nitrate industry, which must have
very cheap power in great quantity in order to exist. In view of
all these considerations, a liberal water power policy on the part
of the government would seem to be a step in the right direction.


